ABSTRACT Background: Although uncommon, iron deficiency (ID) occurs in breastfed infants. The regular provision of iron may prevent ID. Objective: The objective was to test the feasibility and effectiveness of 2 modalities of providing iron (medicinal iron or ironfortified cereal) to breastfed infants. The study tested the hypothesis that regular provision of iron improves iron status of breastfed infants without adverse effects. Design: In this prospective, randomized, open-label trial, breastfed infants received on a regular basis either medicinal iron (n = 48) or an iron-fortified fruit-cereal combination (n = 45) from 4 to 9 mo or no intervention (control group; n = 59). The interventions provided 7.0-7.5 mg ferrous sulfate/d. Infants were enrolled at 1 mo and were followed to 2 y. Iron-status indicators were determined periodically, stool characteristics were recorded, and growth was monitored. Results: The regular provision of iron led to improved iron status during and for some months after the intervention. Both sources of iron were about equally effective. Iron affected stool color but had no effect on feeding-related behavior. However, medicinal iron was associated with a small but significant reduction in length gain and a trend toward reduced weight gain. ID anemia was observed in 4 infants (2.3%), most of whom had a low birth iron endowment. Mild ID was common in the second year of life. Conclusions: Regular provision of medicinal iron or iron-fortified cereal improves the iron status of breastfed infants and may prevent ID. Both modalities are equally effective, but medicinal iron leads to somewhat reduced growth. This trial was registered at clinicaltrials. gov as NCT00760890.
INTRODUCTION
The amount of iron contained in breast milk (0.2-0.4 mg/L) is so low that, despite its high bioavailability (1, 2) , breast milk alone cannot meet the iron needs of infants. Because of growth, in the first year of life, the need for iron is relatively high-estimated at '0.7 mg absorbed Fe/d (3) . To meet these needs during the first 4-6 mo of life, infants draw on their birth iron endowment, which consists of storage iron and hemoglobin iron (4, 5) . When the endowment becomes exhausted, breastfed infants depend largely on iron from external sources for their iron needs. Some infants are born with diminished iron stores (6) (7) (8) and are apt to exhaust their iron endowment early. They are presumed to be at increased risk of iron deficiency (ID) and iron deficiency anemia (IDA).
Many studies have shown that breastfed infants indeed can develop ID and IDA early, ie, by 6 mo of age. Makrides et al (9) reported that 15% of 6-mo-old breastfed infants in Australia had ID and 1% had IDA. In Sweden, Domellöf et al (10) found the prevalence of IDA to be '1% among 5-mo-old infants and Lind et al (11) found it to be 2% among 6-mo-old infants. In Norway, Hay et al (12) reported the prevalence of low iron status to be 4% at 6 mo. Lozoff et al (13) reported that 3.6% of predominantly breastfed infants in Chile had IDA at 5-6 mo of age. In Denmark, no ID was found at 6 mo of age (14) . We (15) observed early IDA in 1 of 32 breastfed infants and provided evidence that infants with IDA were born with a low iron endowment.
Because severe ID (IDA represents severe ID) in infants carries the risk of impaired behavioral and neurocognitive development (13, 16) , the prevention of IDA is important. Iron can be provided to breastfed infants as medicinal iron or in the form of ironfortified complementary foods, whereas nonfortified foods typically do not provide meaningful amounts of iron. Although medicinal iron is presumed to be effective in the prevention of ID, there is limited documentation of its efficacy in breastfed infants in industrialized countries (10) . Information regarding the efficacy of dietary iron sources is similarly sparse.
One objective of the present study was to assess the feasibility and efficacy of regular consumption of medicinal iron drops or of an iron-fortified wet-pack cereal-fruit product. Both sources provided iron in the form of ferrous sulfate. Another objective was to describe the iron status and the principal sources of dietary iron of breastfed infants in whom no particular attention was being paid to the inclusion of iron-containing foods (control group). Although it would have been desirable to determine whether the provision of ferrous sulfate is effective at preventing ID, power calculations indicated that study of the requisite number of subjects was beyond the means of the study team.
Iron supplementation has in some studies been noted to affect growth negatively. Idjradinata et al (17) found that iron sup-plementation of preschool children slowed weight gain. Dewey et al (18) reported a significant negative effect of iron supplementation on length gain, but not on weight gain, in Swedish breastfed infants but not in Honduran infants. Majumdar et al (19) and Lind et al (20) found that iron supplementation slowed the growth of iron-replete infants and young children, whereas no such effect was seen in iron-depleted subjects.
SUBJECTS AND METHODS

Study design
The study objectives were pursued in a prospective, randomized, open-label trial with enrollment at 1 mo of age, intervention from 4 mo to 9 mo of age, and follow-up to 24 mo of age. The subjects were breastfed infants who were randomly assigned at 4 mo to 1 of 3 interventions: medicinal iron (FeMed), infant cereal (FeCer), or control. Infants in the FeMed group received 7.5 mg Fe/d in the form of ferrous sulfate. Infants in the FeCer group received daily one jar of wet-pack cereal that provided '7 mg Fe in the form of ferrous sulfate. Control infants were not to be given medicinal iron during the intervention period, but their feedings were entirely at the discretion of their parents.
Subjects
The subjects were term infants of both sexes with a birth weight .2500 g and who were considered healthy by their physicians and the investigators. The infants were born between August 2001 and July 2003. At recruitment at 1 mo of age, the infants were exclusively breastfed (vitamin-mineral drops were permitted) and were expected to be breastfed (partially) to 6 mo of age. The study team was not involved in providing health care to the subjects. However, when abnormal laboratory results were encountered, the subjects' parents and physicians were notified. The study protocol was reviewed and approved by the University of Iowa Institutional Review Board, and one parent provided written informed consent.
Of 171 infants enrolled at 1 mo of age, 5 were African American, 3 were Asian, 1 was Pacific Islander, 1 was Hispanic, and the remainder were white. The flow of subjects is indicated in Figure 1 . Between 1 and 4 mo, 8 infants were withdrawn from the study for unknown reasons, 1 infant was excluded because he (subject 10117) developed ID at 2 mo of age and was treated with iron, and 10 infants were excluded at 4 mo because they received .200 mL formula/d, in most cases because of real or perceived insufficiency of the supply of breast milk. The remaining 152 infants were randomly assigned at 4 mo of age, and 136 completed the intervention at 9 mo; 116 were followed to 24 mo.
Sample size
We hypothesized that regular consumption of iron would improve the iron status of infants. We felt that a difference of 12 lg/L in mean plasma ferritin concentration at the end of the intervention would be convincing evidence of improved iron status. Our own data (21) indicated that the mean (6SD) plasma ferritin concentration was 29.7 6 16.5 lg/L in 9-mo old infants. Therefore, 32 subjects per group were needed for a 2-sided test.
We increased the size of the control group by 50%, ie, to 48 to obtain a robust description of iron status among breastfed infants. Assuming an attrition rate of 35%, 172 infants needed to be enrolled to have 112 infants complete the intervention at 9 mo of age. Attrition was only 21%, and 136 infants completed the intervention.
Study interventions
Infants in the FeMed group were to receive each day, between 4 and 9 mo of age, 0.3 mL of the medicinal iron preparation FerIn-Sol (Mead Johnson Nutritionals, Evansville, IN). This would provide 7.5 mg Fe/d in the form of ferrous sulfate in addition to sugar, sorbitol, and citric acid. Mothers were requested to give the medicinal iron once a day by dropper directly into the mouth of the infant and to do so just before beginning breastfeeding. The medicinal iron was to be given as long as the infant was being breastfed, regardless of how much supplemental formula was provided. Bottles of medicinal iron were weighed before dispensing and were weighed back when returned at monthly visits. The density of the solution was assumed to be 1.0 g/mL. Although parents occasionally reported spills, disappearance was assumed to represent consumption.
Infants in the FeCer group were to be fed every day wet-pack iron-fortified cereal-fruit products. Beginning at 4 mo, at each visit, the parents were provided a 1-mo supply (one jar per day) of FIGURE 1. Flow of participants through the trial. IDA, iron deficiency anemia; FeMed, breastfed infants who were randomly assigned at 4 mo medicinal iron; FeCer, breastfed infants who were randomly assigned at 4 mo to infant cereal. the cereals of their choice. The choices were second Foods Rice Cereal with Applesauce, Mixed Cereal with Applesauce and Bananas, and Oatmeal with Applesauce and Bananas, all manufactured by the Gerber Products Company (Fremont, MI). Each jar provided 113 g of the cereal-fruit product with '7 mg Fe in the form of ferrous sulfate and 15.7 mg ascorbic acid. The predominant ingredient of these products is fruit, of which especially apples provide organic acids that may enhance iron absorption. Unused jars were returned at the next visit. Consumption of study cereal was optional between 112 and 140 d of age; however, from 140 d onward, the mothers were encouraged to feed at least half a jar each day and from 196 d on to feed one whole jar each day. The number of jars used was determined from the number dispensed and the number returned. Infants in the control group were fed entirely at the discretion of the parents, except that parents were asked to refrain from providing medicinal iron.
Study rules
With few restrictions, decisions regarding feedings were in the hands of the parents, including the duration of breastfeeding, use of supplemental formula, and use of complementary foods. However, to remain in the study and to be randomized at 4 mo, infants had to be predominantly breastfed, which was defined as receiving ,200 mL supplemental formula/d, equivalent to '20% of estimated energy intake, and at 5.5 mo infants had to receive some breast milk at least once a day. During the intervention period, parents of infants in the control and FeCer groups were requested not to give medicinal iron, and infants in the FeMed and FeCer groups were asked not to receive any nonstudy cereal products. Infants who developed ID or IDA continued in the study, with the difference being that for infants with IDA treatment with iron in some form was recommended. Data obtained in infants with IDA after the inception of iron treatment were excluded from the data analysis.
Procedures
Infants visited the study center every 28 6 4 d until 9 mo of age and every 3 mo 6 7 d between 12 and 24 mo. Most visits occurred within the specified limits, with only 8 visits occurring a few days outside the limits between 1 and 9 mo of age. At each visit, weight and length were measured by using established methods (22) . Before each visit, parents completed a food intake record concerning the amount and type of complementary foods consumed during 2 d preceding the visit, and a stool and behavior record for the same period in which parents recorded the color, number, and consistency of stools and feeding-related behaviors such as spitting up, fussiness, and gas. At the beginning of each visit, the parents completed a questionnaire that asked about intervening illnesses (any, yes or no), feedings in general (breast, formula, complementary foods) and dietary supplements. The records and questionnaires were checked for completeness at the time of the visit by the nursing staff, and any ambiguities were clarified.
Blood collection and analysis
Blood was obtained at enrollment and at 4 mo (112 d . Blood was then centrifuged, and the plasma was used to measure ferritin by radioimmunoassay with the Quantimune kit (Bio-Rad Laboratories, Hercules, CA) and soluble transferrin receptor (TfR) by enzyme immunoassay (kit no. TF-94; Ramco, Houston, TX). Creactive protein (CRP) was measured by using a modification of a 2-site enzyme-linked immunosorbent assay for TfR (23) . The capture antibody was sheep anti-human CRP (ICN Cappel Research, Irvine, CA), the primary detection antibody was rabbit anti-human CRP (Calbiochem, San Diego, CA), and the secondary detection antibody was alkaline phosphatase-conjugated goat anti-rabbit IgG (Sigma-Aldrich, St Louis, MO).
Data analysis
Mild ID (depleted iron stores) was defined as a plasma ferritin concentration ,10 lg/L and anemia as a hemoglobin concentration ,105 g/L before 9 mo of age and ,100 g/L at 9 mo of age and older (24) . IDA was defined as anemia in the presence of plasma ferritin ,10 lg/L. Data for infants who were treated for ID (see below), although shown, were not included in the data analysis after treatment began. Although the food intake records often (but not always) indicated the amounts of complementary foods consumed, we did not attempt to quantify the intake of iron from these foods but simply recorded (yes or no) the consumption of foods.
Because ferritin is an acute phase reactant, during inflammation or infection plasma ferritin may be elevated and may not be reflective of iron stores. The presence of ID can thus be masked and the size of iron stores overestimated. Unfortunately, concurrent measurement of CRP is not a reliable means of identifying plasma ferritin values that are elevated due to acute phase reaction. In the present longitudinal study, plasma ferritin was sometimes normal in the presence of elevated CRP; conversely, plasma ferritin was at times clearly elevated when CRP was normal. Presumably the explanation is that ferritin rises sooner and remains elevated longer than CRP (25) . We have classified a plasma ferritin value as "elevated" if it was .40 lg/L and was 3-fold greater than the mean of the preceding and subsequent value (or either of these values in the case of plasma ferritin at 1 and 24 mo). The classification of elevated plasma ferritin values therefore rested entirely on 2 adjacent plasma ferritin values and not on CRP. During the period 1-9 mo, a total of 4 plasma ferritin values were classified as elevated and were excluded from data analysis; between 12 and 24 mo, 13 elevated plasma ferritin values were excluded.
Plasma ferritin values showed a nonnormal distribution at most ages. Statistical analysis was therefore performed after log transformation, but only nontransformed values with arithmetic means and SD are shown. Plasma ferritin and other indicators of iron status were compared between study groups by 2-factor (group and sex) analysis of variance (ANOVA) procedures and also by analysis of covariance (ANCOVA) procedures with plasma ferritin at baseline as covariate. Tukey's test of multiple comparisons was applied. Weight and length measurements were corrected to the exact nominal ages by parabolic interpolation. Weight and length attained and gains in weight and length were compared by ANOVA procedures. Stool and behavior data were expressed as proportions of total observations for each subject. Proportions for study groups were compared by ANOVA. Total number of stools was also compared by ANOVA. All statistical analyses were performed on a per-protocol basis and included subjects who completed the intervention at 9 mo. An intention-totreat analysis was not contemplated in this efficacy trial, and no attempt was made to obtain data after the subjects left the study, regardless of the reason. Statistical analyses were performed by using SAS version 9.1.3 (SAS Institute, Cary, NC).
RESULTS
Of 152 infants randomly assigned at 4 mo of age, 59 infants (27 girls, 32 boys) were assigned to the control, 48 (25 girls, 23 boys) to the FeMed, and 45 (22 girls, 23 boys) to the FeCer group ( Figure 1 ). Three infants left the control group before 9 mo of age for reasons unrelated to the study.
Six infants left the FeMed group, 3 because the infants were reluctant to take the drops, 2 because the parents felt that the drops caused side effects (1 vomiting, 1 constipation), and 1 for reasons unrelated to the study. . Three infants no longer used iron drops because they were no longer being breastfed. Clearly, there was a tendency to use more than the intended 0.3 g/d of the medicinal iron preparation.
Of 7 infants who left the FeCer group, 1 infant left because of "allergy" to the study cereal, 1 because the cereal was thought to cause constipation, 2 because the infant refused to take the study cereal, and 3 because of an insufficient breast milk supply. Thus, cereal was accepted and tolerated by 91% of the infants. All infants in the FeCer group consumed some study cereal in the first month of the trial, with an average (6SD) consumption of 0.79 6 0. 
Feedings
At the time of randomization at 4 mo, in addition to being breastfed, a total of 8 infants were receiving some supplemental formula (,200 mL/d) and 4 infants were receiving small amounts of cereal and/or other foods ( Table 1 ). The percentage of infants receiving any breastfeeding declined after 5.5 mo, but was still 73% at 9 mo. The use of supplemental formula increased gradually after 4 mo. Nonstudy cereals were consumed after 4 mo by most of the control infants and by the occasional infant in the FeMed group (whose parents were requested not to feed cereal). These cereals were almost exclusively dry-pack infant cereals fortified with poorly available electrolytic iron. The percentage of infants fed other complementary foods increased sharply after 4 mo and kept increasing with age. The proportion of infants in the control group who were breastfed and received neither formula nor cereal was 24% at 5.5 mo, 12.5% at 7.5 mo, and 4% at 9 mo. After 9 mo of age, the percentage of infants who were breastfed continued to drop, but at 18 mo there were still a total of 18 infants who were breastfed and at 24 mo there were 5. After 12 mo, few subjects received formula and the great majority received some form of cow milk. Although most continued to receive cereals, these were predominantly noninfant cereals. There was a gradual switch from commercially prepared infant foods to home-prepared table foods (data not shown). Thus, whereas most of the breastfed infants received a source of iron in the form of formula or infant cereal or both beginning at '4 mo of age, a sizable minority of infants did not. During the second year of life, formula no longer played a role as a source of iron, whereas cereals continued to provide iron.
Iron status
Data regarding iron status are presented in Table 2 for those 136 infants who completed the intervention at 9 mo. Data for 3 infants who became iron deficient and were treated with iron are included up to the point at which treatment began. All ironstatus indicators showed the expected age-related changes, with plasma ferritin, hemoglobin, RDW, and MCV decreasing and TfR and ln[TfR/plasma ferritin] increasing between 1 and 4 mo. Individual raw plasma ferritin data for control infants presented in Figure 2 indicate the wide range of values at 1 mo and show some of the elevated values that were ignored in data analysis. The mean (6SD) plasma ferritin concentration for all groups at 1 mo was 307 6 143 lg/L (range: 23-791 lg/L; 5th percentile: 87; 95th percentile: 575 lg/L). Plasma ferritin was significantly higher in girls than in boys at 4, 5.5, 7.5, and 9 mo but not at later ages (data not shown).
At 1 mo and at 4 mo, there were no significant differences between study groups for any of the iron-status indicators. During the intervention period, plasma ferritin was significantly lower at 5.5, 7.5, and 9 mo (Table 2, Figure 3) , and ln[TfR/plasma ferritin] was significantly higher in control infants than in the FeMed and FeCer infants. The differences in plasma ferritin remained significant after correction for differences in plasma ferritin at 1 mo and at 4 mo by ANCOVA with plasma ferritin concentrations at 1 mo and at 4 mo, respectively, as covariates. There were no significant differences in TfR or any of the hematological indexes between study groups at any age. At no time was there a significant difference in iron status between the FeMed and FeCer groups. Within the control group, the iron status of those (few) infants who received neither formula nor cereal was not significantly lower than that of infants who did receive formula and/or cereal (data not shown). After the intervention, plasma ferritin remained significantly higher in the FeCer than in the control infants and ln[TfR/plasma ferritin] remained lower in the FeCer and FeMed infants than in the control infants at 12 and 15 mo. Thereafter, there were no significant differences in iron status. However, fewer infants in the FeCer and FeMed groups than in the control group became iron deficient during the second year of life (see below).
Iron deficiency
Data for infants who developed ID before and during the intervention are summarized in Table 3 . A more detailed description of some of these infants is presented in Appendix A. If treatment with iron was recommended, infants were still followed. Values obtained after initiation of treatment are provided in Table 3 , but were excluded from the data analysis.
Before the intervention, one infant (subject 10117) developed IDA at 2 mo of age (plasma ferritin: 6 lg/L; hemoglobin: 93 g/L) ( Table 3 ; also see Appendix A). This infant at 1 mo of age had the lowest plasma ferritin concentration (23 lg/L) of all infants in the study. The infant was treated with iron and was followed but was not randomly assigned for treatment, and the data are not included in Table 2 . Two infants (subjects 09950 and 10068) had ID at the time of randomization at 4 mo (subject 09950 to FIGURE 3. Mean (6SE) plasma ferritin concentrations between 1 and 24 mo. Number of subjects at 4 mo was n = 59 in the control group, n = 48 in the medicinal iron (FeMed) group, and n = 45 in the infant cereal (FeCer) group; there were fewer subjects at later ages. The horizontal bar indicates the intervention period. *Significant differences between the control and FeMed plus FeCer groups, P , 0.05 (ANOVA and ANCOVA). the control group and subject 10068 to the FeMed group) and each went on to develop IDA within the next 2 mo (see below).
During the intervention, 2 infants in the control group developed IDA. Subject 09905 at 5.5 mo had a plasma ferritin concentration of 5 lg/L and a hemoglobin concentration of 98 g/L, was treated with iron, and remained free of anemia thereafter. Subject 09950, as mentioned previously, already had ID at the time of randomization and developed IDA by 5.5 mo with a plasma ferritin concentration of 4 lg/L and a hemoglobin concentration of 104 g/L. The infant was withdrawn from the study, and treatment with iron was recommended. Subsequently, the infant remained in good iron status. Also in the control group, ID without anemia developed in 2 infants at 5.5 mo, in 2 at 7.5 mo, and in 2 at 9 mo (Table 3 ). In all of these infants during follow-up, plasma ferritin returned to .10 lg/L without treatment, except for subject 09943, whose plasma ferritin concentration remained low but whose hemoglobin concentration remained .119 g/L (Appendix A). In the FeMed group, one infant (subject 10068) developed IDA at 5.5 mo with plasma ferritin concentration of 7 lg/L and hemoglobin concentration of 99 g/L. As mentioned, this infant already had ID at the time of randomization. This infant was frequently spitting up the medicinal iron drops and thus may not have received the full intended amount of iron. Treatment with a greater dose of iron was initiated, and the infant remained in good iron status. In the FeCer group, one infant (subject 09906) had ID without anemia at 9 mo (plasma ferritin: 9 lg/L; hemoglobin concentration: 106 gL). The proportion of infants with IDA did not differ significantly between the control (n = 2) and FeMed (n = 1) groups (P = 0.568, Fisher's exact test). However, the proportion of infants with ID + IDA in the control group (n = 8, prevalence of 14.3%) was significantly higher than the proportion (n = 2, prevalence 2.5%) in the combined FeCer and FeMed groups (P = 0.016, Fisher's exact test).
During the second year of life (15-24 mo), a total of 42 infants (37%) had ID on 1-3 occasions, but no infant had anemia. Among former control infants, 27 (56%) were iron deficient on one or more occasions (total of 49 values ,10 lg/L) compared with 15 
Tracking of plasma ferritin and hemoglobin
As shown in Table 4 , correlations of plasma ferritin values were very high for short age intervals in the first year of life and became less strong with increasing length of the age interval but remained statistically significant, with a single exception, during the entire first 2 y of life. Correlations among hemoglobin values, in contrast, were low and mostly nonsignificant if they included the first mo of life but were strong and significant for later age intervals.
In the control group, the higher the plasma ferritin concentration at 1 mo, the lower the risk of having ID during the first 9 mo of life (P for trend = 0.01). The odds ratio for ID decreased by 12% with every 10-lg/L increase in plasma ferritin at 1 mo. For subjects with a plasma ferritin concentration at 1 mo in the lowest quartile (plasma ferritin ,211 lg/L), the odds ratio of developing ID in the first year of life was 7.7 (95% CI: 1.6, 35.7).
Stool characteristics, side effects, and illness
For each infant, 12 d worth of stool records were obtained (2 d preceding each visit) during the intervention period. There were no differences in stool number and consistency between study groups at any time, but there were differences in stool color. Infants receiving supplemental iron (FeMed + FeCer groups) had significantly (P = 0.004) more green and black stools than did the control infants. Differences in stool color between the FeMed and FeCer groups were not significant. There were no differences in the frequency of regurgitation, fussiness, colic, or gassiness between groups. There were no differences in the frequency of illnesses during the intervention period.
Growth
There were no differences in weight ( Table 5) or length ( Table  6 ) at trial entry (data not shown). At 4 mo and through 21 mo, boys were significantly heavier and longer than girls. On a sexspecific basis, mean weight and length of the 3 study groups were similar. However, weight gain between 4 and 9 mo of both boys and girls was less in the FeMed group than in either the control or FeCer groups. The treatment effect was not significant (P = 0.083) for weight gain but was significant (P = 0.039) for length gain. In post hoc tests, the difference between the FeMed and control groups was significant for weight gain (P , 0.027) and length gain (P , 0.011). On the other hand, differences in gains between the FeMed and FeCer groups were not significant, nor were differences between the FeCer and control groups or between the FeMed and FeCer groups combined and the control group. There were no differences in weight or length gain during the second year of life, nor were there differences in weight or length at the end of the study at 2 y (data not shown).
DISCUSSION
The present study showed that providing iron to breastfed infants is feasible and effective at enhancing iron status. Medicinal iron and an iron-fortified cereal-fruit combination were about equally effective at improving iron status, and both were well tolerated. Our study showed that without attention to iron (control infants), intake of iron-containing complementary foods tends to be insufficient to prevent ID. The study showed that breastfed infants are susceptible to early severe ID and that a low birth endowment is primarily responsible for early deficiency. Medicinal iron was associated with a significant but small decrease in growth.
The infants we studied were exclusively breastfed until 4 mo of age and during that period depended entirely on their birth iron (26, 27). It appears that breastfeeding was more exclusive in other studies of breastfed infants, although actual consumption of supplemental foods was not always reported (10, 11) . The present study showed that it is feasible to provide ferrous sulfate, a well-absorbed form of iron, to breastfed infants on a regular basis. Ferrous sulfate was about equally effective whether it was provided as medicinal iron or as fortification iron as a wet-pack cereal-fruit combination. Both forms were equally well tolerated. In only 10% of infants was medicinal iron perceived by the parents to have side effects or to be poorly tolerated and, similarly, in only 9% of infants was cereal unacceptable. Thus, 90% of infants accepted and tolerated either form of iron. Both sources of iron led to stools being green or dark more often than when iron was not provided regularly, but there was no effect on stool consistency or feeding-related behaviors.
The study showed that the daily consumption of '7 mg Fe as ferrous sulfate was effective at increasing iron stores of breastfed infants as indicated by plasma ferritin concentration. The effect was comparable in size with the effect observed when a daily supplement of 7 mg was provided to breastfed infants from 1 to 5.5 mo of age (15) . The efficacy was the same whether iron was provided as medicinal iron or as an iron-fortified cereal-fruit combination, except that iron provided from cereal seemed to enhance iron stores beyond the period of supplementation, whereas medicinal iron did not. The apparent extended effect of cereal on iron stores could have been the result of parents continuing the practice of regularly feeding cereal after having done so during the study. Our food intake records did not allow us to confirm or refute this possible explanation. That a similar extended effect was not observed with medicinal iron may suggest that the latter was less well accepted than was cereal. No extended effect of medicinal iron supplementation was evident in our earlier study (15) .
Besides plasma ferritin, none of the other indicators of iron status were influenced by iron supplementation, except for ln [TfR/plasma ferritin], which was decreased. However, ln[TfR/ plasma ferritin] was highly inversely correlated with plasma ferritin at all ages (data not shown), which suggests that its variation is largely reflective of variation in plasma ferritin. Others (28) have also concluded that plasma ferritin provides as good an estimate of iron stores as any of the TfR/plasma ferritin ratios. The absence of effects on indicators that reflect tissue iron availability suggests that, on average, the availability of iron to tissues was not compromised. Although the study was not designed and powered to determine whether the provision of iron prevents ID, a difference in the prevalence of ID between the control and the intervention groups was evident (Table 3) . Of the 56 control infants, 6 had ID and 2 had IDA (prevalence: 14.3%). Of the 80 infants who received supplemental iron (FeMed and FeCer groups), 1 had ID and 1 had IDA (prevalence: 2.5%; P = 0.016). Thus, we conclude that supplemental iron protects significantly, albeit not completely, against ID. Why medicinal iron failed to prevent the progression from ID to IDA in the case (subject 09905) who had ID at randomization is unclear. It is possible that this infant did not receive or retain all of the iron he was intended to receive. However, it is also possible that the intended amount of iron ('7 mg/d) was insufficient to correct the existing ID.
Medicinal iron was associated with decreased growth. The effect was small and seemed to be more pronounced with regard to length gain than weight gain. Dewey et al (18) similarly reported a significant negative effect of iron supplementation on length gain among Swedish infants, but not among Honduran infants, between 4 and 9 mo of age. In young Indonesian children (12-18 mo), Idjradinata et al (17) showed that iron supplementation slowed growth significantly. Majumdar et al (19) and Lind et al (20) found that iron slowed the growth of iron-replete infants and children but not that of iron-depleted infants and children. In our previous study (15) of infants with replete iron stores, iron supplementation led to decreased weight gain but not length gain in female infants. In male infants, interpretation of growth data was compromised by unequal birth weights. In the study by Dijkhuizen et al (29) , iron supplementation between 4 and 10 mo had no effect on growth, but initial iron status was not taken into account as in the other studies (18) (19) (20) that did find effects on growth. Thus, the present study confirms earlier studies showing that medicinal iron decreases the growth of iron-replete infants.
We present evidence that infants in the FeMed group may have received considerably more than the intended 7 mg ferrous sulfate/d. With all due caution in interpreting disappearance data, the consistency of the data suggests that many infants really did receive .7 mg each day, perhaps as much as 11 mg/d on average. In the FeCer group, in contrast, our data indicate that the iron intake was close to the intended 7 mg/d. The difference in actual dose of iron received, but also the fact that medicinal iron was ingested as a single dose whereas cereal iron was ingested in multiple small amounts, may explain why an effect on growth was observed only in the FeMed group and not in the FeCer group. The mechanism by which iron decreases the rate of growth is not known. Regardless of the mechanism, the implication is that medicinal iron should be used with caution and preferably only in infants with depleted iron stores. In infants at high risk of IDA, ie, those born with low iron stores, the use of medicinal iron in a prophylactic mode may be justified on the grounds that a modest effect on growth is the lesser of 2 evils compared with IDA, with its potential for lasting effects on cognitive development. Lesser doses of iron than the 7 mg/d used in the present study seem not to have been explored in breastfed infants but might protect against ID while lacking effects on growth.
An important finding of the present study was that breastfed infants are susceptible to early severe ID. This confirms what has been reported before for many industrialized countries (1, (11) (12) (13) (14) 16) , but contradicts the sometimes held notion that breastfeeding protects infants from ID. In the control group, 2 infants developed IDA and 6 developed ID without anemia (prevalence: 14.3%). However, the more important statistic was the total number of infants with IDA before 6 mo of life, ie, 4 of 171 infants or 2.3%. The importance of early IDA lies in the fact that it is unlikely to be recognized by current child health care practices and therefore could exist for months before dietary sources provide sufficient iron to correct it.
Our study provides evidence that a low birth iron endowment places breastfed infants at risk of early ID. Using plasma ferritin at 1 mo as proxy for the iron endowment, 3 of the 4 infants who had IDA by 6 mo of age were born with a low iron endowment, ie, plasma ferritin below the fifth percentile (87 lg/L) at 1 mo. In the fourth infant (subject 09905), plasma ferritin was likely to have been spuriously elevated at 1 mo. Others have reported that some infants are born with low iron stores and may be at increased risk of ID (6-8). Tamura et al (8) showed that infants born with low iron endowments are at risk of impaired neurodevelopmental outcome, the actual cause of which might have been unrecognized severe ID in infancy rather than the low iron endowment per se. Although in some cases the cause of low iron endowment may be known (6) , most often it is not. The strong correlation of plasma ferritin at 1 mo with plasma ferritin as far away as 2 y of age suggests that genetic factors play a role in determining the size of iron stores. Hay et al (12) also reported tracking of serum ferritin between 6 and 12 mo but not between 6 and 24 mo or between 12 and 24 mo. Hernell and Lönnerdal (30) reported "strong tracking" (no data given) of serum ferritin and other indicators of iron status.
A surprise was the finding that iron supplementation from 4 to 9 mo was associated with a lower prevalence of mild ID during the second year of life. There also was a tendency toward higher iron stores. ID during the second year of life was always mild and was not accompanied by evidence of limited tissue iron availability. However, in light of the findings of Lozoff et al (31) , effects of mild ID on infant and toddler behavior cannot be ruled out.
In the control group, most of the infants received infant cereal after 4 mo and '50% received some formula, both of which are rich sources of fortification iron. However, these infants had lower iron stores than did infants in the 2 intervention groups. This suggests that the intake of iron in the control infants was less than the 7 mg/d received by the intervention groups.
The present study had limitations. Because of the limited sample size, the study did not have the power to determine unequivocally whether provision of 7 mg Fe/d prevents ID. Nevertheless, there clearly was less ID among infants receiving iron. A strength of the study was that an estimate of the birth iron endowment was provided and that infants were observed longitudinally from 1 to 24 mo of age.
In conclusion, the present study showed that the regular provision of iron to breastfed infants is feasible and is effective at increasing iron stores and decreasing the prevalence of ID. Medicinal iron and iron-fortified cereal were about equally effective. Medicinal iron but not cereal led to a decrease in growth, albeit a small one. Several infants developed IDA early in life and most of these infants had evidence of a low birth iron endowment. It may be possible to detect infants at risk of early severe ID by screening for low plasma ferritin early in life.
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APPENDIX A
Infants with iron deficiency anemia (IDA; n = 4) and infants with unusual courses (n = 2).
Subject 10117
This male infant with a birth weight of 3147 g was born at term. At 1 mo of age, he had an extremely low ferritin concentration of 23 lg/L and a hemoglobin concentration of 94 g/L. The mother reported that the pregnancy was uncomplicated. The mother denied having anemia and took vitamin and iron supplements during pregnancy. At 2 mo of age, the infant's plasma ferritin concentration had fallen to 6 lg/L and the hemoglobin concentration was 93 g/L; treatment with iron was recommended, but for unknown reasons was not implemented. At 3 mo of age, the ferritin concentration was 4 lg/L and the hemoglobin concentration was 96 g/L. Iron treatment was started. After 1 mo (at age 4 mo), the plasma ferritin concentration was 13 lg/L and the hemoglobin concentration was 103 g/L; after more treatment, the plasma ferritin concentration was 19 lg/L and the hemoglobin concentration was 112 g/L at age 5.5 mo.
The infant started to receive cereal at this point and formula 1 mo later. At 9 mo of age, after iron treatment had been discontinued for some time, the plasma ferritin concentration was 10 lg/L and the hemoglobin concentration was 108 g/L. At subsequent checks, the plasma ferritin concentration was ,10 lg/L on 2 occasions (at 18 and 24 mo), but the hemoglobin concentration remained 112 g/L. This infant was not randomly assigned to treatment, and iron status data are not included in Table 2 .
Subject 09905
This male infant was born at term with a birth weight of 2892 g. At 1 mo of age, he had a plasma ferritin concentration of 222 lg/L and a hemoglobin concentration of 103 g/L. Because the C-reactive protein concentration was 37.1 lg/L, the plasma ferritin concentration (222 lg/L) was most likely elevated but was not classified as such by our rules (see Data analysis). The infant was closely monitored because of early anemia. At 2 mo of age, the plasma ferritin concentration was 91 lg/L and the hemoglobin concentration was 98 g/L. At 3 mo of age, the plasma ferritin concentration was 42 lg/L and the hemoglobin concentration was 103 g/L. At 4 mo of age, the ferritin concentration was 17 lg/L and the hemoglobin concentration was 112 g/L. The infant was randomly assigned to the control group. At 5.5 mo of age, the plasma ferritin concentration was 5 lg/L and the hemoglobin concentration was 98 g/L. The infant started receiving cereal. When IDA was confirmed 1 mo later (plasma ferritin: 4 lg/L; hemoglobin: 90 g/L), iron treatment was initiated. Within 1 mo the plasma ferritin concentration rose to 24 lg/L (hemoglobin was not measured), but at 9 mo the plasma ferritin concentration was again 8 lg/L and the hemoglobin concentration was 113 g/L. Supplemental formula was started. At none of the subsequent checks did this infant have ID.
Subject 09943
This female infant was born at term with a weight of 3657 g. The plasma ferritin concentration at 1 mo of age was 65 lg/L and the hemoglobin concentration was 142 g/L. Because plasma ferritin was low, the measurements were repeated at 2 mo of age (plasma ferritin: 58 lg/L; hemoglobin: 115 g/L). At 4 mo of age, the plasma ferritin concentration was 32 lg/L and the hemoglobin concentration was 116 g/L; the infant was randomly assigned to the control group. At 5.5 mo of age, the plasma ferritin concentration was 12 lg/L and the hemoglobin concentration was 128. At 7.5 mo of age, the plasma ferritin concentration was 5 lg/L and the hemoglobin concentration was 121; the infant started receiving cereal. At 9 mo of age, the plasma ferritin concentration was 4 lg/L and the hemoglobin concentration was 123 g/L. It was recommended that greater amounts of ironfortified foods be fed, but the plasma ferritin concentration remained low (3 lg/L) at 12 mo with a hemoglobin concentration of 119 g/L. At 15 mo of age, the plasma ferritin concentration was 1 lg/L and the hemoglobin concentration was 114 g/L. This infant left the study at this point without having received any formula.
Subject 09950
This male infant was born at term with a weight of 3657 g. At 1 mo of age, the plasma ferritin concentration was 34 lg/L and the hemoglobin concentration was 109 g/L. At 4 mo of age, the plasma ferritin concentration was 5 lg/L and the hemoglobin concentration was 115 g/L. The infant was randomly assigned to the control group. At 5.5 mo of age, the plasma ferritin concentration was lg/L 4 and the hemoglobin concentration was 104 g/L. The infant met the criteria for IDA, and iron treatment was initiated. The infant started to receive supplemental formula at 6.5 mo of age. At 7.5 mo of age, the plasma ferritin concentration was 15 lg/L and the hemoglobin concentration was 106 g/L; cereal was started. At 9 mo of age, the plasma ferritin concentration was 22 lg/L and the hemoglobin concentration was 119 g/L. Thereafter, this infant continued to maintain good iron status, except at 24 mo of age, when the plasma ferritin concentration was 9 lg/L and the hemoglobin concentration was 132 g/L.
Subject 10068
This male infant was born at term with a birth weight of 3203 g. At 1 mo of age, the plasma ferritin concentration was 51 lg/L and the hemoglobin concentration was 138 g/L. At 4 mo of age, the plasma ferritin concentration was 9 lg/L and the hemoglobin concentration was 109 g/L. The infant was randomly assigned to the FeMed group. At 5.5 mo of age, the plasma ferritin concentration was 7 lg/L and the hemoglobin concentration was 99 g/L. The mother reported that the infant was frequently spitting up the medicinal iron. Treatment with a larger daily dose of iron was recommended, but at 6.5 mo of age the plasma ferritin concentration was still 7 lg/L and the hemoglobin concentration was 99 g/L. After further consultation with the parents of the need for iron treatment and initiation of cereal, the plasma ferritin concentration was 16 lg/L and the hemoglobin concentration was 110 g/L at 7.5 mo. Subsequently, this infant remained in good iron status and free of anemia.
Subject 09906
This male infant was born at term with a weight of 4196 g. At 1 mo of age, the plasma ferritin concentration was 109 lg/L (hemoglobin not available). At 4 mo of age, the plasma ferritin concentration was 23 lg/L and the hemoglobin concentration was 124 g/L. The infant was randomly assigned to the FeCer group. Supplemental formula was started at 6.5 mo of age. At 7.5 mo of age, the plasma ferritin concentration was 19 lg/L and the hemoglobin concentration was 103 g/L. At 9 mo of age, the plasma ferritin concentration was 9 lg/L and the hemoglobin concentration was 106 g/L. At this point, the infant's physician started supplementation with medicinal iron. At 12 mo of age, the plasma ferritin concentration was still only 5 lg/L and the hemoglobin concentration was 106 g/L; however, the plasma ferritin concentration gradually increased to 14.5 lg/L at 24 mo with a hemoglobin concentration of 119 g/L.
